Introduction
The correlation between individual species composition and their ecological characteristics has been the subject of many different studies for several reasons. This is an especially important issue when effects of climatic change, along with anthropogenic disturbances, play one of the most critical roles in species diversity and habitat loss (Mattila et al., 2011) . For example, climate change shows its face with an increase in the surface water temperature of aquatic habitats such as wetlands (Boer and de Groot, 1990; Čížková et al., 2013) , lakes, streams (http:// www.climate-and-freshwater.info/), and small water bodies (e.g., ditches, ponds, springs) (Uçak et al., 2014) . Increasing water temperature corresponds to elevated evaporation rates, causing a decrease in water depth and an increase salinity levels (Mourguiart and Carbonel, 1994; Külköylüoğlu et al., 2014) . Such changes can happen in a period of time from a couple of hours to days, depending on several factors (e.g., season, water chemistry, rate of evaporation, water depth). There is increasing evidence that most (if not all) aquatic organisms show different ecological responses to such changes (e.g., Parmesan, 2006) . Herein, the main concern is to understand the levels of such responses that individual species show for different environmental variables. If one knows how those responses occur, not only can some of those ecological and evolutionary processes be explained, but possible precautionary actions can be taken in habitats for future estimates. In aquatic ecosystems, different abiotic (e.g., dissolved oxygen, pH, temperature) and biotic (e.g., competition, predation) factors can be responsible for changes in species composition, while ecological variables show potential influence on the geographical range (e.g., elevation) of the species (Dennis et al., 2000) .
Ostracods, which are aquatic invertebrate crustaceans, have different levels of responses to such environmental changes; therefore, they can be used as bioindicators of the surrounding physical and chemical conditions. For example, a bottom-dependent ostracod, Limnocythere inopinata, is used as an indicator species of moderate to high salinity levels in alkaline waters (Cohen et al., 1983) of streams, lakes, and reservoirs with eutrophic conditions (Scharf, 1993; Kılıç, 2001; Külköylüoğlu and Dügel, 2004; Külköylüoğlu et al., 2014) . Additionally, the species has a broad geographical range where it tolerates relatively wide ranges of some other variables. Similarly, two other cosmoecious (Külköylüoğlu, 2007) species (Candona neglecta and Ilyocypris bradyi) reported from lotic (Châtelliers and Marmonier, 1993; Mezquita et al., 1999) and lentic aquatic habitats (Rieradevall and Roca, 1995; Külköylüoğlu et al., 2007) are known to have high tolerances to temperature, pH, and redox potential (Akdemir, personal communication) . In vivo experimental studies support the above perspective that some ostracods do have high tolerance ranges. This is the case for Physocypria kraepelini, which displayed high tolerances to ammonia, phosphate, and pH values in laboratory conditions (Yu et al., 2009) . Similarly, Candona rectangulata is a common ostracod species in cold (<15 °C), shallow, freshwater Arctic water bodies. However, Wojtasik and Kuczynska-Wisnik (2012) showed that the species was tolerant of rapid temperature changes from 2 to 25 °C and even survived for a short time in an inactive position in 42 °C laboratory conditions. Unlike these species, some ostracods have narrow tolerance ranges in particular habitats. For example, the semiterrestrial species Scottia pseudobrowniana is known from cold springs or waters connected to springs (Külköylüoğlu and Vinyard, 2000; Smith et al., 2002; Külköylüoğlu, 2003a Külköylüoğlu, , 2005 . Similarly, Isocypris beauchampi is generally found in permanently warm water bodies (e.g., reservoirs, lakes), as it is called a warm-stenothermal species (Nüchterlein, 1969) , but can also be classified as oligorheophilic and oligohalophilic (Meisch, 2000) due to its preference for low to medium alkaline freshwater conditions (Külköylüoğlu, 2003b) . Overall, knowledge on the tolerance and optimum ranges of ostracod species may be used to understand the levels of responses to environmental changes. This can be a useful tool in reconstructing the past ecological conditions of particular habitats. However, this view should be supported with detailed information about ecological characteristics of the individual living species. This is especially true for shallow aquatic bodies where climatic changes can have greater effect on species composition. Thus, the aims of the present work were to contribute to the knowledge on ostracod species composition in the Bartın and Zonguldak regions, to compare the species assemblages between the regions, to estimate individual species' ecological tolerance and optimum levels for variables used here, and to estimate the levels of correlations between species composition and environmental variables, along with their abundance values per site.
Materials and methods

Sampling and procedure
We visited 105 different aquatic sites with 7 different habitats (reservoir, pond, puddle, spring, creek, stream, and trough) All of the physicochemical variables of aquatic habitats were measured before sampling the material. Samples of ostracods (Appendix 2) collected with a standard plankton hand net (150-µm mesh size) were fixed with 70% alcohol in 250-mL plastic bottles in situ. Each sample was then brought to the laboratory, filtered through 4 standardsized sieves (0.5, 1.0, 1.5, and 2.0 mm mesh size) under tap water, and preserved in 70% alcohol. After ostracods were separated from sediments with fine needles under a stereomicroscope (Olympus BX-51), soft body parts were dissected and separated from the carapace in lactophenol solution. We mainly followed the taxonomic key of Meisch (2000) for species identification, but some other sources (Bronshtein, 1947; Kempf, 1997; Karanovic, 2012) were also used. All ostracod samples are kept in the Limnology Laboratory of Abant İzzet Baysal University, Bolu, Turkey.
Statistical analyses
Species tolerance (t k ) and optimum estimates (µ k ) for 6 variables (pH, redox potential, dissolved oxygen, electrical conductivity, water temperature, elevation) were calculated with C2 software (Juggins, 2003) , along with transfer function of weighted averaging (WA) regression. Optimum values for each species, considered as the mean of all sites where the species occurred, were weighted by its abundance in each. Thus, we assumed that all individual species have unimodal responses to the different environmental variables used here. Hence, a species can be most abundant in sampling sites along with the values closer to their optimum estimates (ter Braak and Barendregt, 1986) . We used the C2 program with 11 species that occurred at least 3 times in the sampling sites where data on environmental variables are available. Diversity values of individual species were calculated with the Shannon-Wiener diversity index within the program Species Diversity and Richness 4.1.2 (Seaby and Henderson, 2006) . Similarities between the regions were calculated with Jaccard's index (Magurran, 1988) , in which the number of shared species is compared to the total number of species in the combined regions (Gotelli and Chao, 2013) . Nonparametric Spearman correlation analysis was conducted to show correlations among the species and environmental variables. Regression analyses were used to test the possibility of statistically significant relationships between dependent (e.g., numbers of species) and independent (e.g., water temperature) variables. Both correlation and regression analyses were used in SPSS 11.01, while the numbers of species per site were calculated in Microsoft Excel 2010, in which we also applied ANOVA, along with f-tests and t-tests with unequal variances, for comparing the numbers of species at the 0.05 critical level. We used canonical correspondence analysis (CCA) to determine the most effective environmental factor(s) on species that occurred 2 or more times during the study. Before the application of CCA, an unconstrained ordination method, detrended correspondence analysis (DCA), was applied to the data (ter Braak, 1987; Birks et al., 1990) . The length gradient of the first axis of DCA can be used to describe the heterogeneity or homogeneity of the data. Therefore, this length is used to make decisions about the use of linear (length of <3) or unimodal (length of >4) ordination methods. After DCA, CCA was used where the data were log-transformed and tested with Monte Carlo permutation (499 permutations) when rare species, which occurred only once in samples (e.g., Cypria ophthalmica, Fabaeformiscandona balatonica, Herpetocypris chevreuxi, Ilyocypris gibba, Potamocypris arcuata, P. fulva, P. smaragdina, Prionocypris zenkeri), were deleted from the analyses to reduce possible consequences of arc-effect and multicollinearity. In all statistical analyses, we used only living adults, and damaged individuals and carapaces were not counted. Additionally, since our study does not cover biotic factors, we only consider the importance of the abiotic factors used here.
Results
A total of 20 taxa (13 living species) and 28 taxa (18 living species) collected from 70 of 105 sites were identified from Bartın and Zonguldak, respectively (Appendix 2). All of the species are new reports for Bartın, while 11 species are new for Zonguldak. Among the species, 22 species (Ilyocypris bradyi, I. decipiens, I. getica, I. gibba, I. inermis, Fabaeformiscandona balatonica, Candona angulata, C. neglecta, Prionocypris zenkeri, Herpetocypris chevreuxi, Psychrodromus olivaceus, Heterocypris incongruens, H. salina, H. reptans, Potamocypris arcuata, P. fallax, P. fulva, P. smaragdina, P. variegata, Cypridopsis vidua, Cypria ophthalmica, Limnocythere inopinata) were common in both regions. Of these, 5 species (P. olivaceus, I. bradyi, H. incongruens, H. salina, C. neglecta correlation with dissolved oxygen (Rs = 0.506; P < 0.05) and elevation (Rs = 0.514; P < 0.05). In contrast, H. reptans was the only species with a positive correlation to water temperature (Rs = 0.943; P < 0.01), while a significant correlation was found between H. incongruens and water volume (Rs = 0.584; P < 0.05) and depth (Rs = 0.622; P < 0.05) in troughs. The other species did not exhibit significant correlations. Habitat similarity based on species numbers was about 40.9% between the regions. Although numbers of sampling sites were higher in troughs (39 sites) than creeks (21 sites) ( Table 2) , numbers of species per site were 2 times greater in creeks (71.4%) than in troughs (35.9%). Number of species (F = 2.063; P = 0.155) was not significant between the regions. Species abundance of Zonguldak, with 2067 individuals (49.2 ind./site), was higher than that of Bartın (33 ind./site) (891 individuals). However, the number of species per sampling site was higher in Bartın (0.48 spp./site) than in Zonguldak (0.42 spp./site) ( Table 3) .
CCA (Table 4 ) explained 78.3% of the correlation, with relatively low variance (9.8%) between the 15 most frequently occurring species and 4 effective environmental variables (water temperature, electrical conductivity, dissolved oxygen, pH) in both areas. Of these, water temperature (F = 3.216; P = 0.002) and electrical conductivity (F = 2.525; P = 0.018) appeared to be the most critical variables affecting species composition ( Figure  2 ). According to regression analyses, temperature did not show a significant (P > 0.05) effect on the number of species. Results revealed that increasing water temperature corresponds to an increased number of species per site in Bartın and Zonguldak while air temperature corresponds to a decreased number ( Figure 3 ). Therefore, increasing numbers of sampling sites did not increase the number of species. Generally, species with cosmopolitan characteristics (e.g., I. bradyi, C. neglecta, H. incongruens, P. olivaceus) showed relatively higher tolerance values to different environmental variables than the means of the other species (Table 5) . Thus, such species can be called "cosmoecious" species (but also see discussion below).
Discussion
While all 13 species are new for Bartın, 11 of 18 species were new reports for Zonguldak. Hartmann (1964) was the first to report 4 ostracod species (I. decipiens, I. gibba, P. olivaceus, Pseudocandona eremita) from Zonguldak. Following this report, 6 more species (P. kraepelini, Eucypris virens, H. salina, H. incongruens, C. neglecta, C. vidua) were found in the region by Gülen (1985) . An additional species (Potamocypris villosa) was also reported from the region by Kılıç (1997 that were already known previously. Therefore, including these 12 species with our findings, the Zonguldak region has a total of 22 ostracod species. Differences in numbers of species (richness) were not significant between these two regions, but compared with other regions in Turkey, the number of species was relatively low in both (Table in Table 3 , however, Bartın showed a relatively high ratio of species per site (0.481). In contrast, the number of individuals found in Bartın (891 ind.) is about half that found in Zonguldak (2067 ind.). Thus, as seen in Table  3 , our results support the idea of Külköylüoğlu et al. (2013) that increasing the number of sampling sites does not significantly increase the number of species, but the number of individuals per site may change. These authors suggested that efficiency and suitability of habitats, rather than number of sites, can increase the chance of finding more species and individuals. Perhaps this is because a habitat type is not suitable for the species, or it is not the right time (e.g., seasonality differences) for species to be present in those habitats. Finding low numbers of species is an important issue, since our sampling was done in a short time period in 7 different habitats, where the number of species was higher in creeks (15 spp.) than troughs (14 spp.), although the number of sampling sites was higher in troughs (39 sites) than creeks (21 sites) ( Table 2) . Considering artificial characteristics of troughs, finding low species richness is not surprising, since such habitats carry similar characteristics (Külköylüoğlu et al., 2013) . Indeed, during the present study, most of the species with cosmopolitan characteristics were reported from troughs. Similar results were previously found in other regions of Turkey, such as Diyarbakır (Akdemir and Külköylüoğlu, 2011), Van (Külköylüoğlu et al., 2012a) , Kahramanmaraş (Külköylüoğlu et al., 2012c) , Ankara (Uçak et al., 2014), Adıyaman (Yavuzatmaca et al., 2015) , and Çankırı (Külköylüoğlu et al., 2016) . It is probable that such habitats are generally good for cosmopolitan species with high tolerance ranges. For example, according to Table 5 , four species (P. olivaceus, I. bradyi, H. incongruens, C. neglecta) with high tolerance (and/or optimum) levels are generally those with wide geographical occurrences. Such species are ecologically better adapted and locally more abundant, are usually the most frequently occurring species, and are socalled cosmoecious species (Külköylüoğlu, 2007) . Similar characteristics can also be found in ostracods (Uçak et al., 2014) and different organisms such as zooplanktons (Başak et al., 2014) and pteridophytes (ferns and allied plants) (Kessler, 2002) . Although cosmoecious species may indicate low water quality, they contribute important value to species diversity and cannot be ignored. As shown in (Figure 2 ) are also those with wide tolerance and wide distributional ranges, while species with rare occurrences are scattered on the diagram. Although it is not certain, similar ecological characteristics of the species may be one of the reasons for their occurrence around the center (Yılmaz and Külköylüoğlu, 2006; Akdemir and Külköylüoğlu, 2014) . According to CCA results (Table 4) , water temperature and electrical conductivity (including salinity) were the two most influential factors on species. Among the species, H. reptans was the only one showing a positive correlation with water temperature (Rs = 0.943; P < 0.01). However, correlation of some ostracod species with temperature and electrical conductivity is already known. For example, we found I. bradyi in all types of habitats (except dams) within the water temperature range of 12.1 to 21.6 °C. This corresponds to earlier reports that the species, having broad geographical occurrence in different ecological conditions, has been frequently collected from a variety of habitats (Meisch, 2000; Külköylüoğlu et al., 2007 Külköylüoğlu et al., , 2014 , along with wide ranges of water temperature values from 5.8 to 25.7 °C (Külköylüoğlu et al., 2012b; Külköylüoğlu, 2013) .
Similarly, another well-known species, H. incongruens, was the second most frequently occurring species encountered in almost all water bodies (except dams), where the species showed positive correlations with water volume and depth. This supports earlier reports (Meisch, 2000; Mischke et al., 2003; Li et al., 2010 ) that H. incongruens mostly prefers shallow stagnant water bodies, where it can tolerate high levels of fluctuations in different environmental variables including water temperature, dissolved oxygen, pH, and salinity (for more details, see Külköylüoğlu, 2013) . For example, during the present study, minimum (11.1 °C) and maximum (22.9 °C) water temperature ranges were measured in waters where H. incongruens was collected. This fits well with the previous records (6 °C and 31.7 °C) of Mezquita et al. (1999) and Külköylüoğlu et al. (2012b) , respectively.
The third most common species, P. olivaceus, is a typical species of troughs, ponds, pools, ditches, springs, and spring-related water bodies (Meisch, 2000; Rossetti et al., 2006) . Recent studies (Külköylüoğlu et al., 2012b; Akdemir and Külköylüoğlu, 2014; Uçak et al., 2014) revealed that although the species may prefer well-oxygenated water bodies, the tolerance levels of P. olivaceus to different environmental variables are much higher than previously known. These results are concordant with our results, in which the species did not show any significant correlation to variables.
The last most frequently occurring cosmoecious species, C. neglecta, is known for its relatively high tolerance levels to low-oxygenated water bodies polluted with organically rich materials (Meisch, 2000; Külköylüoğlu, 2013) . Külköylüoğlu et al. (2012a) reported a high tolerance value (t k = 8.21) of the species to water temperature in aquatic habitats of the Van region (eastern Turkey), while it showed the lowest tolerance to electrical conductivity. We encountered the species in temperature ranges from 12.1 to 22.7 °C in almost all types of habitats (except dams). This range corresponds to the earlier reports (Külköylüoğlu, 2013) . Our results for these 4 species displayed a good match to the study of Yavuzatmaca et al. (2015) , who found the same 4 cosmoecious species (though in different order, as C. neglecta, H. incongruens, I. bradyi, and P. olivaceus) with broader tolerance ranges than the noncosmopolitans.
Other than these most common species, the rest of the 18 species did not show significant differences and/ or correlations with the environmental variables (unless otherwise indicated). Therefore, we did not focus on them. However, this does not mean that these species should be ignored, and we hope that the data presented here will be used in future studies along with others.
As mentioned above, climate changes (here referring to air temperature changes) can also be considered as an important factor in species richness. Indeed, many studies underlined that changes in air temperature can alter species diversity (including both richness and abundances) of aquatic habitats over long periods of time (months, years, or decades) (McCombie, 1959; Kothandaraman and Evans, 1972; Livingstone and Lotter, 1998; Johnson et al., 2014) . Most of these studies dealt with large and deep water bodies such as oceans, lakes, rivers, and river catchments (e.g., Johnson et al., 2014) . In contrast, our study was done in shallow water bodies in a short period of time limited to 4 days in June. Although such habitats exhibit quick responses to air temperature changes on a daily basis, interpretation of our results on the "air-water temperature and species" relationship may not be generalized at the moment due to limited sampling time. On the other hand, Boer and de Groot (1990) argued that increasing air temperature will cause a rise in water temperature and evaporation that will eventually have an effect on inland wetlands due to internal eutrophication, salinization, desiccation, and invasion of thermophilous species. Inasmuch as there is a predominance of the most common species, whose tolerance levels to temperature and salinity changes are high, we can support the conclusion of Boer and de Groot (1990) . In addition, we support habitat suitability proposed within the habitat diversity hypothesis as a better explanation for ostracod distribution and diversity in these shallow aquatic bodies. Furthermore, the results imply that species richness is possibly much higher in both regions than currently presented here. Therefore, we suggest that nonmarine ostracods can be found in almost all types of water bodies as long as the conditions are suitable for them. Külköylüoğlu O, Vinyard GL (2000 
